Background: Clostridium difficile infections are becoming more common, more severe, and more likely to recur. Conventional treatment with antibiotics often fails to eradicate the infection; even when it succeeds, recurrent infection is common. Complementary treatment with probiotic agents to reconstitute the physiological intestinal flora does not yield any consistent benefit. In recent years, fecal transplantation has been used in the English-speaking countries with cure rates of about 87%, but the available evidence is limited to large case series. No randomized controlled trials have been performed. We present the case of a 73-year-old woman with intractable, recurrent enterocolitis due to Clostridium difficile who was successfully treated with fecal transplantation via colonoscopy.
C lostridium difficile causes approximately 10% to 20% of cases of antibiotics-associated diarrhea and is the main cause of antibiotics-associated colitis (50% to 75%) and pseudomembranous colitis (over 90%) (1) (2) (3) . Three possible situations must be distinguished when Clostridium difficile is detected in stool:
• Asymptomatic colonization: up to 50% of neonates (e1) and 3% to 8% of adults (e2) • Symptomatic diarrhea with fever (30 to 50%), leukocytosis (50 to 60%), and abdominal pain or cramps (20% to 35%) (4, e3) • Severe to fulminant forms with pseudomembranous colitis and/or toxic megacolon (3, 5) . The incidence of Clostridium difficile infections has increased over the last 20 years (3) . Between 2002 and 2006, incidence in Germany rose from between 1.7 and 3.8 cases to 14.8 cases per 100 000 inpatients (6) . Some serious cases are caused by new, highly virulent strains (e.g. ribotype 027) (7) . First-line treatment for Clostridium difficile colitis includes halting administration of the antibiotic that has triggered colitis (where possible) and antimicrobial treatment with oral metronidazole or oral vancomycin.
The greatest problems are primary treatment failure and recurrences during or after standard treatment. A meta-analysis of 39 studies (11 prospective, 21 retrospective, and seven randomized clinical trials [RCTs] ) and 7005 patients reports treatment failure in 22% of cases for metronidazole, versus 14% for vancomycin. Recurrence rates were 27% for metronidazole and 24% for vancomycin (e4) . Recurrences are treated either with further metronidazole or vancomycin therapy or with decreasing doses of vancomycin over a longer period (a tapering schedule). In smaller case series, newer antibiotics such as tigecycline (e5) , rifaximin (e6) , and nitazoxanide (e7-e9) show response rates of 86%, 79%, and 74% to 89% respectively for refractory Clostridium difficile infections. The new macrocyclic antibiotic fidaxomicin has been shown to be noninferior to vancomycin with regard to cure rate but was associated with a significantly lower recurrence rate, possibly due to a lesser impact on natural intestinal flora (8, e10, e11) .
A major factor in the pathogenesis of Clostridium difficile infections is the destruction of natural intestinal flora by antibiotics, leading to a selective advantage and colonization by Clostridium difficile (3).
Clindamycin has now been overtaken by cephalosporins and quinolones as the main trigger of Clostridium difficile infection (e12). Restoring intestinal flora by fecal transplant may therefore be an alternative to conventional antibiotic treatment for Clostridium difficile (9) . Transplantation is performed via stool suspension enema, nasogastric tube, or colonoscopy (9-12, e13) .
A meta-analysis including a total of 17 studies (case reports and case series) and 166 patients reports cure rates of approximately 87% for recurrent Clostridium difficile colitis (10) . More recent works confirm these figures, with cure rates of around 89% (Table 1) . This means that fecal transplantation outcomes are significantly superior to those of antimicrobial therapy in the event of recurrence.
Surprisingly, the guidelines of the European Society of Clinical Microbiology and Infectious Diseases (ESCMID) (13) and the American guidelines (those of the Infectious Diseases Society of America, IDSA) do not mention fecal transplantation (e14) . The German Society for Infectious Diseases (DGI, Deutsche Gesellschaft für Infektiologie) is currently preparing guidelines on Clostridium difficile infections. A Cochrane review on fecal transplantation is still being prepared (e15). This case report describes successful fecal transplantation in a 73-year-old female patient with recurrent Clostridium difficile infection.
Case report

Medical history and findings
The 73-year-old patient was admitted with progressive abdominal pain and diarrhea and more than 10 bowel movements per day. Her medical history was known to include numerous previous illnesses, including absolute arrhythmia with atrial fibrillation, three-vessel coronary disease with a risk profile (arterial hypertension, type 2 diabetes, and hyperlipoproteinemia), and erosive gastritis in 2011 with bleeding complications. The latter was being treated with a proton pump inhibitor (pantoprazole). At the end of June 2011 the patient had been admitted with chest pain and dyspnea. During her inpatient stay she developed pneumonia and was treated with amoxicillin/clavulanic acid until the beginning of July. Gastrointestinal symptoms began in mid-August. Viral and bacterial intestinal infections were ruled out. Clostridium difficile toxin A/B was detected in her stool. CRP (C-reactive protein) levels were significantly elevated (111.4 mg/L). Ultrasound imaging of the intestinal wall showed generalized thickening of the Larger case series in the treatment of Clostridium difficile enterocolitis using fecal transplantation Individual case reports and review articles are not included. A Medline literature search was performed, using the following search terms: "clostridium difficile [and] fecal bacteriotherapy," "clostridium difficile " [and] Figure 1 ). This indicated antibiotic-associated Clostridium difficile pancolitis.
Progression
Initial treatment involved 3 × 400 mg oral metronidazole per day. This led to an increase in bowel movement frequency, so on the fourth day of treatment the patient was switched to 4 × 250 mg oral vancomycin per day (infusion solution as oral dosage form). Over six days of vancomycin treatment bowel movement frequency increased further, with progressive cramplike abdominal pain. Ultrasound examinations of the intestinal wall showed persistent thickening of the intestinal wall. A switch to vancomycin enteric capsules failed to produce any clinical improvement; in fact, nausea and vomiting began, indicating possible vancomycin intolerance. Treatment was switched to 3 × 500 mg oral nitazoxanide per day, leading to rapid improvement in clinical symptoms. After a total of 16 days' treatment, the patient was discharged with no remaining complaints. Three weeks later the patient experienced an initial recurrence with corresponding clinical symptoms and microbiological evidence of toxin presence. In view of her failure to respond to metronidazole and vancomycin and her possible intolerance of vancomycin, nitazoxanide treatment was administered again. Evidence of Clostridium difficile in resistogram cell culture did not indicate resistance to metronidazole or vancomycin. However, symptoms did not fully resolve. We added treatment with 2 × 400 mg oral rifaximin per day, achieving normal stool consistency and bowel movement frequency. On discharge, rifaximin treatment was continued for a further 14 days in view of the protracted response to treatment.
Three days after the end of rifaximin treatment diarrhea and abdominal pain recurred. A second recurrence was diagnosed (Figure 2 ). In light of a current metaanalysis and numerous case reports and review articles (Table 1) , the option of fecal transplantation as part of a personalized attempt to cure the patient's complaints was discussed with the patient. After informed consent had been given preparations were made for fecal transplantation. The patient's 25-year-old granddaughter was investigated as a donor relative. Blood serum tests showed no evidence of hepatitis A, B, or C; HIV; or syphilis. Acute infection was ruled out clinically and using laboratory tests. The patient's granddaughter had received no antibiotic treatment in the previous 12 months, according to her medical history. Three separate stool samples were negative for bacterial stool pathogens, Clostridium difficile, worm eggs, parasites, and viruses ( Table 2) .
The authors began to administer 2 × 50 mg intravenous tigecycline per day, and the patient was symptom-free within seven days. The pretransplant antibiotic treatment was administered according to the procedure described in a retrospective, long-term observation study, in order to reduce the risk of colitisassociated perforation and microbial translocation (14) . Two days after the end of tigecycline treatment, fecal transplantation was performed after intestinal lavage. Pantoprazole treatment was halted before transplantation. In addition, adjuvant Saccharomyces cerevisiae probiotic treatment was begun, as in published protocols (Box) (15) . On the day of fecal transplantation 177 g of fresh stool from the donor was added to sterile saline solution and filtered through gauze several times. Next, the suspension (250 mL in total) was aliquoted and aliquots were administered through the colonoscope tube during the retraction phase from the terminal ileum (Figures 3a to 3c) . Loperamide was then administered to prolong the contact between the stool suspension and the colonic mucosa (for the first six hours after fecal transplantation only).
The patient was discharged two days after transplantation, symptom-free with normal bowel movement frequency and stool consistency. None of the clinical and microbiological checkups at 14 days, four weeks, three months, and six months after fecal transplantation showed any indication of a recurrence of Clostridium difficile enterocolitis. Two months after fecal transplantation there was clinical evidence of herpes zoster of the thigh.
Discussion
This case report describes the successful use of fecal transplantation in a 73-year-old female patient in Germany. The course of the patient's illness illustrates a typical situation in clinical practice, with antimicrobial treatment for a nosocomial infection leading to antibiotic-associated Clostridium difficile colitis.
In the USA the annual cost to the healthcare system of Clostridium difficile infections is estimated at $3.2 billion (14, 16) . In a German case-control study, it was calculated that hospital costs were quadrupled for patients who developed nosocomial Clostridium difficile enterocolitis (17) . Refractory and recurrent cases, as in the patient described here, account for a large part of this increase in costs (Figure 2 ). It is currently estimated that 50% to 75% of patients are readmitted to the hospital when they experience an initial recurrence (18) . The recurrence rates of conventional antibiotic treatment are between 18% and 30% (16, 19) . In addition, the probability of a further recurrence increases with the number of recurrences, rising to 45% to 65% after the third recurrence (20, 21) . Patients with recurrent Clostridium difficile infections, who are often female, experience fever, abdominal pain, and cramps significantly more frequently (e16). This makes innovative, cost-effective treatments that promise long-lasting success particularly important.
A further risk factor for Clostridium difficile infection is the use of proton pump inhibitors. In a metaanalysis, the incidence of Clostridium difficile colitis rose by 65% (22) . The pathophysiology of this phenomenon is the subject of heated discussion. Experimental data suggest that reduced stomach acid production leads to a change in intestinal flora (e17).
Worldwide, approximately 400 patients have undergone fecal transplantation to treat Clostridium difficile enterocolitis (Table 1) . To date no published case reports from Germany are yet available. Cure rates are approximately 90% (12, 14, 15, 23-33, e18-e22) . A multicenter study published long-term data on fecal transplantation in 77 patients infected with Clostridium difficile (14) . All the patients were treated with antibiotics for Clostridium difficile infections, receiving an average of five different drugs, with no lasting success. Patients were followed up for an average of 17 months. Primary cure rates (patient symptom-free with no evidence of recurrence after 90 days) are 91%; secondary cure rates (patient symptom-free following vancomycin treatment, with or without a second fecal transplant) are 98%. Most of the few recurrences that occurred after transplantation occurred in the context of further antibiotic treatment (14) .
Interestingly, this patient's response following single fecal transplantation was very rapid, although antibiotic treatment regimens have usually yielded success only after long periods, and combination therapy has sometimes been necessary (see also Figure 2 ). This observation is backed up by cases described in the literature. On average, a significant improvement in symptoms was achieved within three days (14, 23) . This seems to be due, in particular, to swift repopulation by balanced intestinal flora. Because the donor had received no antibiotic treatment in the 12 months preceding stool "donation," it can be assumed that there was no significant imbalance in her natural flora.
Molecular analyses showed that two weeks after transplantation the recipient's intestinal bacterial flora was the same as that of the donor (34, 35) . The composition and diversity of the enteric microbiome seems to play an important role in this. For example, Bacteroides spp. numbers are particularly reduced in patients with Clostridium difficile infection, but after [9, 27, 28, e18] )
Aims:
• To restore natural intestinal flora by administering a suspension of feces from a healthy donor • To prevent recurrence of Clostridium difficile infection
Requirements:
• Identify suitable donor (see below and Table 1 • Rule out infectious diseases (see Table 2 • Regular clinical checkups and testing of stool for Clostridium difficile at 2 weeks, 4 weeks, 3 months, and 6 months Risks:
• Usual risks of method of application: perforation, hemorrhage, etc.
• Microbial translocation and sepsis, particularly in cases of severe colitis (34, 35, e23) . One alternative to fecal transplantation might be to boost intestinal flora using live bacteria or fungi (probiotics). However, administration of these does not lead to lasting colonization of the intestine because these microorganisms have not adapted to the environment of the intestines (e24, e25) . Current recommendations on the use of probiotics to prevent recurrence of Clostridium difficile infection are therefore cautious (grade of recommendation B/C) (36, e26) . With fecal transplantation, the bacteria used are already adapted to the gastrointestinal tract. This achieves longer-term restoration of fecal flora, for up to 24 weeks (e22).
The patient described here experienced no adverse effects, which is in line with information stated in the current literature (14, 23, 30) . However, eight weeks after transplantation she did develop a herpes zoster infection. In view of the patient's many comorbidities and her age, in our opinion this reactivation of an infection in the patient, who was surely immunocompromized, is not surprising. No varicella zoster infections have been described in patients who have received fecal transplants to date (14, 23, 30) .
Limitations
Although fecal transplantation is well tolerated, it does have some limitations: For example, the preparation phase is relatively long (at least a week), as a result of donor screening. In the future one solution to this problem might be to establish a "stool bank" containing samples from suitable donors. It might also be possible to take stool samples from patients before antimicrobial treatment, so that any subsequent antibiotic-associated diarrhea could be treated with an "autologous" fecal transplant. Cryopreserved stool might be used (27) .
A further problem is that as yet there are few random ized clinical trials comparing fecal transplantation to a standard treatment. An ongoing randomized trial has, for the first time, shown a significant benefit for fecal transplantation (treatment response rate 81%) over standard vancomycin treatment (31%) or vancomycin with intestinal lavage (23%) in recurrent Clostridium difficile infection (37) . Interestingly, it has shown no additional benefit for intestinal lavage. A second trial, which is randomized, controlled, and blinded, compares transplantation of donor stool and transplantation of the patient's own stool (38) .
The expressions "fecal transplantation" and "stool transplantation" are likely to cause patients to reject such treatment because of a "yuck factor." It would therefore be more advisable to use phrases such as "bacterial treatment to restore natural intestinal flora." A recent study investigated the willingness of volunteers to undergo fecal transplantation (39) . Interestingly, a majority would opt for fecal transplantation if it were recommended by their treating physician. In the case described in this paper, transplantation with feces from a relative of the patient was selected. This is also reflected in the fact that for transplantation involving donors from patients' families (relatives or partners) the response rate is somewhat higher (93%) than for transplants from nonfamily donors (84%) (23) .
In the case described here, fecal suspension was applied via colonoscopy. To date, 75% of transplantations have been performed in this way. Alternatively, transplantation may be performed through a nasogastric tube. When study participants were asked, they disliked this method of application (39) , and administration via colonoscopy seems to be better accepted by patients. There are no significant differences in efficacy between application via colonoscopy and via nasogastric tube (40) . However, a larger quantity of stool suspension can be administered via colonoscopy, eliminating the need for repeat administration. In the literature, the largest quantity of stool applied via the upper digestive tract is estimated at 200 mL (9, 23) . With a suspension of more than 500 mL, however, the response rate was higher (97%) than with smaller volumes (80% for quantities less than 200 mL) (23) . In both large case series that have been published, a single transplantation via colonoscopy successfully achieved lasting cure. In addition, patients with early recurrence despite fecal transplant were successfully cured using a second transplantation (14, 30) .
Summary
Fecal transplantation is a safe, highly effective alternative to conventional antibiotic treatment for Clostridium difficile enterocolitis and takes effect rapidly. Current data, which include mainly patients treated for relapsing or recurrent Clostridium difficile infection (9-11, 14, 23, 30, e13) , indicate that the procedure should be a treatment option for this patient population in particular.
